Carbon fiber reinforced magnesium matrix (C f /Mg) composites are suitable for lightweight structures which have received more interest for its excellent mechanical properties. C f /Mg composites were fabricated by liquid-solid extrusion following vacuum infiltration, which integrated melting, pouring, infiltration and liquid-solid forming under high infiltration pressure. The tensile strength was determined by tensile tests on flat specimens in displacement controlled mode according to ASTM standard D 3552. The specimens were fixed in suitable clamping force for the specimens avoiding to be destroyed by compression. Specimens were elongated in 0.1 mm/min speed till finally fractured. The results indicated that the tensile strength of the C f /Mg composite reached 366 MPa, which was improved by 144% compared with that of matrix alloy.
Introduction
Magnesium alloys have high potential applications for reducing weight in automotive (Hir et al., 2013) and aerospace (Alan et al., 2013 ) fields due to their extraordinary low density. However, their utilization is often restricted since magnesium suffers from several material inherent deficiencies like low stiffness, high thermal expansion coefficient and so on. While various industrial applications have been developed for magnesium alloys, their commercial use is still quite limited compared to that of aluminium alloy. Certain remedies have been developed in the past, and carbon fiber reinforced magnesium matrix (C f /Mg) composite is the most successful one which has many excellent properties, and is suitable for lightweight structures. Extremely high in-axis strength and stiffness values can be reached by the reinforcement of carbon long fibers (Öttinger et al., 1994) .
At present there are many studies on C f /Mg composite. Montrieux et al. (2011) studied interfacial phenomena in C f /Mg composite processed by squeeze casting and thixomolding technique, and indicated that a pre-treatment of carbon fiber ensured two fundamental functions: one was to provide stiffness and cohesion, and the other was to provide a porous network in the perform to enhance infiltration by the capillary action. Pei et al. (2009) fabricated C f /Mg composites reinforced with SiO 2 strength. The obtained results indicated that the reaction at the C/Mg-Al alloy interface of the composite could be controlled by varying the Al content. However, most of the study is focusing on unidirectional C f /Mg composites which has anisotropic properties and can only guarantee composites with high performance in the axial direction along the carbon fibers. To overcome the above-mentioned drawback of unireinforced composites, 2D-C f /Mg composite has also received some attentions, and there have been a few studies on 2D-C f /Mg composites (Wu et al., 2008) .
For applications in industries such as automobiles and communication equipment, there is a greater demand for low costs and isotropy parts relative to C f /Mg composite material. Consequently, a variety of processing techniques are being considered and sought after, such as gas pressure infiltration process (Huf et al., 2006) , squeeze casting (Yong et al., 2006) , and melt infiltration (Wang et al., 2006) . The existing fabrication methods have different features for each, and they also have shortcomings too. For example, pressure infiltration process provides low infiltration pressure, and squeeze cast and melt infiltration can not provide vacuum environment and so on. Liquidsolid extrusion following vacuum pressure infiltration technique is a kind of new technique for fabricating metal matrix composite which was proposed by the present authors (2008, 2010) . It combines the advantages of squeeze casting and gas pressure infiltration method, and can provide high vacuum level and high infiltration pressure. It is a kind of promising technique for fabricating metal matrix composites. Ma et al. (2013) used this technique to fabricate 2D-C f /Al composite successfully.
In this paper, 2D-C f /Mg composite with different coating deposition temperatures were fabricated by the new developed technique. Tensile tests according to ASTM D 3552 had been carried out on each specimen, and the stress-strain curve of each composite was investigated and compared. Microstructure observation also was conducted by using the scanning electron microscope for explaining the related mechanism.
Experimental procedure

Experimental material
AZ91D magnesium alloy was chosen as matrix material because of its excellent casting performance.Its ultimate tensile strength is 120~150 MPa. Its density is 1.82 g/cm 3 , and its solidus and liquidus temperatures are 470 and 595 °C respectively. Alloy elements are shown in Table 1 ; Preforms ( Fig. 1) are made of Toray T700-12k fabric, Table 2 gives the performance indicators of T700. The specific fabrication process of the preforms was given as the foll flakes, and the flakes were stacked up orthogonality and stitched with 1K T700 carbon fibers. To control interfacial reactions and to optimize interfacial structures, preform was placed in CVD furnace to deposit PyC coating on the fiber`s surface. The deposition temperature from 900 to 1100 °C was selected to control the thickness of the coating with all the other process parameters the same, as listed in Table 3 . Table 3 . PyC coating deposition parameters.
Temperature(°C)
Time ( 
Liquid-solid extrusion following vacuum pressure infiltration technique
Liquid-solid extrusion following vacuum pressure infiltration technique by using 2D preform is one good option to fabricate 2D composites in low cost. This is a kind of new integrated technique to fabricate metal matrix composite, which integrates melting, pouring, infiltration and liquid-solid forming under high infiltration pressure to provide high vacuum and high infiltration pressure. The entire system was in sealed state to avoid the oxidization of Mg alloy and carbon fibers. The schematic diagram of this technique was shown in Fig. 2 . First the preform was put in the mold container, then the vacuum pump was turned on to keep the vacuum degree between 0.01-0.05 MPa. Mold and preform were preheated to 580-590 °C. At the same time the alloy was melted in the crucible at 740-760 and temperature was hold for 1 hour to ensure the alloy melt completely. After the alloy melting, liquid alloy was fed into the container under the gas pressure (Ar) of 0.1-0.5 MPa. After the molten alloy and the container were cooled to 580~590 °C, the hydraulic machine was driven and the punch pressed the liquid-solid alloy to infiltrated into the preform. Pressure was kept under 30MPa until the liquid-solid alloy completely solidified. Finally we got the 2D-C f /Mg composite as shown in Fig.3 . Fig.3 Composite fabricated by using liquid-solid extrusion following vacuum pressure infiltration technique.
Testing procedure
Four various types of specimens were fabricated by liquid-solid extrusion following vacuum pressure infiltration with different coating deposition temperature. Specimens were cut to dimensions according to ASTM D 3552. The flat specimens had a dimension of 75×10×2 mm with a constant span length of 20 mm.
The tensile strength was determined by tensile tests on a universal tensile testing machine and the loading rate was 0.1 mm/min. During the test, the specimens may be destroyed under extremely high clamping force, so bonded tabs must be used to get the actual tensile strength. Fig. 4 shows the stress-strain curves of the specimens. The experimental results show that PyC coating can improve the tensile properties of the C f /Mg composite. When the coating deposition temperature was 1000 °C, the ultimate tensile strength of the obtained composite reached maximum (366 MPa), which was improved by 144% compared with that of matrix alloy (120~150MPa). In reality, the deposition temperature should be kept at about 1000°C. Any higher or lower would cause bad results. The stress-strain curve of each specimen was not identical at different coating deposition temperature. Each of them was mainly divided into three sections: elastic deformation stage, inelastic deformation stage and fracture stage. At elastic deformation stage the curve showed linear behavior, which attributed to the elastic deformation of the alloy and the fiber. At this time they beard load together. At inelastic deformation stage, the growing stress made the matrix metal produce plastic deformation, but the fiber was still in the state of elastic deformation. Now the curve showed nonlinearity. The fracture stage began with the strain going on increasing, in which the fiber started to break and the curve showed a sharp change.
Results and discussion
From Fig. 4 , we can see that, specimens which have PyC coating have longer inelastic deformation stage and fracture stage, and under the same stress they have larger strain. So composites without PyC coating exhibited the greater resistance to deformation, but had a smaller tensile strength. The mechanical properties of C f /Mg composites mainly depended on the fiber-matrix alloy interfaces. Interfacial reaction led to high interface strength. The carbon fiber by the chemical reaction with Al in the Mg alloy was converted to Al 4 C 3 (Pei et al. 2009 ), which enhanced the toughness of interface highly. Strong interface bond can retard the crack transfer, and stress can`t be transferred by the interface. Therefore composites without PyC coating had smaller strain. But stress concentrated at the crack tip. Thus fibers failed under low load, and the fiber did not play full role For C f /Mg composites, the reaction at the fiber interface of the composite can be controlled by the PyC coating. It was due to the higher graphitization degree of PyC than carbon fibers, which increased chemical stability and decreased surface free energy. So the PyC coating can protect the carbon fiber and control the interfacial reactions to optimize interfacial strength which will help to improve the reinforcement function of the fiber. The tensile properties of the C f /Mg composite with PyC coating had longer inelastic deformation stage and fracture stage. The research indicated that the PyC coating deposition temperature resulted in good effect, but it did not mean the higher the better. The ultimate tensile strength was decreased when the deposition temperature was 1100 °C. In order to explain this phenomenon, we used the scanning electron microscope to observe the specimens` microstructure (Fig. 5) . From Fig. 5(a), (b) and (c), a large amount of Mg alloy was filled in the pores around the fiber bundles of staggered arrangement and Mg alloy distributed inside the fiber bundles. But there have some large agglomeration of fibers in (a) and (b). Because there was no coating or the coating was too thin (Montrieux et Fig. 5(c) , few fracture and agglomeration of fibers was found. Fig. 5(d) showed the infiltration of Mg alloy liquid in the preform was not completely at temperature 1100 °C. There were many internal porosities, voids, inclusions and other defects. This was mainly caused by the thicker coating thickness.
Conclusions
(1). 2D-C f /Mg composite with different coating deposition temperature were fabricated by liquid-solid extrusion following vacuum pressure infiltration. (2). PyC coating could improve the tensile properties of the C f /Mg composite, and the deposition temperature should be kept at about 1000 °C for best improvement of properties. (3). The ultimate tensile strength of the obtained composite reached maximum (366 MPa), which was improved by more than 144% compared with that of matrix alloy (120-150 MPa).
